T he rate of latex sensitization has been increasing since its first recognition in 1979, and anesthesiologists encounter patients with a diagnosis of latex allergy more and more often (1) . Latex is a ubiquitous material that is found in balloons, condoms, and many surgical and nonsurgical products. Anesthesiologists, like many other types of physicians who often wear latex gloves, may also become sensitized to latex (2, 3) , and there are cases of disability of health care professionals because of latex allergy (4, 5) . Latex anaphylaxis may lead to significant morbidity, and deaths have been reported (4, 5) . It is essential to recognize which patients and colleagues are sensitized to latex to provide appropriate treatment and to establish adequate prevention.
The purpose of this article is to review recent findings and developments on latex allergy. This article reviews the general concepts of latex allergy in the perioperative setting and specifically addresses natural rubber latex (NRL) proteins, reactions associated with NRL, and high-risk groups for developing latex allergy. In addition, we discuss the diagnosis, management, and prevention of latex allergy and conclude with a discussion of future therapies.
The literature was searched using Medline from 1966 until July 2002. A literature search with the key words anesthesia, anesthesiology, operating room (OR) or surgery, and latex, latex allergy, or latex hypersensitivity produced 80 articles. The references of these manuscripts were reviewed to identify other relevant articles. Finally, additional references were identified from reviews and abstracts on latex allergy from the allergy and clinical immunology literature from the last 5 yr.
NRL: Description, Proteins, and Biochemistry
NRL (cis-1,4-polyisoprene) is a milky fluid obtained primarily from the Hevea brasiliensis tree (6) . Latex and natural rubber by-products are substances found in many products present in hospital and home environments. Since the 1980s, the increase in the incidence of latex anaphylaxis has been associated with the increased use of latex gloves because of Universal Precautions. The use of Universal Precautions promoted by the Centers for Disease Control and Prevention to decrease the spread of the human immunodeficiency virus and hepatitis B and C viruses has lead to a 25-fold increase in the use of latex-containing surgical gloves (7) . Over the last two decades, latex has emerged as the second most common cause of anaphylaxis in surgical suites (16.6% of cases) (8) . However, a recent French report (9) found that the incidence of cases of latex anaphylaxis is decreasing as a result of the identification of at-risk patients, improved testing, and preventive measures. In addition, many manufacturers are decreasing latex in a variety of products (10) . There is currently no cure for latex allergy, and avoidance of latex-containing products is mandatory for affected individuals.
Latex gloves are the major source of latex proteins and are implicated in most cases of latex-mediated reactions (11, 12) . Latex gloves contain proteins that are subject to hydrolysis and denaturation during processing. Latex particles are generally insoluble in water but are made more soluble in the presence of ammonia, which is used to stabilize and preserve commercial latex. Ammonia has been implicated in the rupturing of organelles (i.e., lutoids) present in the latex with the release of soluble material (B-serum). B-serum fragments of latex protein result in low molecular weight polypeptides (13) . Hevea brasiliensis latex contains several well-characterized proteins (14 -18) . The rubber elongation factor of rubber trees (Hevea brasiliensis or Hev b) is the major allergen in latex (18) (14, 18) . In addition, others have reported a 14-kd component as being an important allergen in latex (15) (16) (17) . Hev b 5 sensitization is common among health care workers.
The increased demand for gloves also led to a decrease in processing time, and this in turn has led to an increase in latex proteins. Different manufacturers of gloves use different methods, standards, and processing times. There is a 3000-fold difference in latex contents in 10 different brands of gloves (11) . There are no government regulations that require glove companies to label the protein content. Cornstarch, used as a donning agent for gloves, acts as a carrier for latex allergens by binding to latex proteins. The cornstarchlatex particles are released into the air and inhaled and may lead to respiratory symptoms (3) .
Frequently used products that contain latex include urinary catheters, tourniquets, rubber plunger of syringes, IV tubing, tape, and electrocardiogram pads (Table 1) . It is very difficult to predict which device and brand may contain latex without appropriate labeling. Starting on September 30, 1998 , the Food and Drug Administration (FDA) mandated that the products that contain latex be labeled as such, including packaging devices containing NRL that require labels such as "Caution: The Packaging of this Product Contains Natural Rubber Latex Which May Cause Allergic Reactions" (19) . Labeling statements relating to hypoallergenicity are prohibited because the FDA has received several reports of allergic reactions to medical gloves labeled as hypoallergenic.
Natural rubber includes all materials made from or containing natural latex. The production of latex involves the use of natural latex in a concentrated colloidal suspension. In contrast, dry natural rubber production involves the use of coagulated natural latex dried or milled sheets. Dry natural rubber is less allergenic than latex and carries a softer warning by the FDA as follows: "This Product Contains Dry Natural Rubber" (19) . However, dry natural rubber can cause allergic reactions and should not be used in a latexallergic patient (20 -23) . It is of note that the FDA does not require manufacturers to recall nonlabeled devices already in interstate commerce before September 30, 1998 .
Reactions Associated with Latex
Latex sensitization is defined as the presence of immunoglobulin (Ig)E antibodies to latex but without clinical manifestations. Latex sensitization does not always lead to latex allergy, even if there is further contact with latex products. Latex allergy refers to any immune-mediated reaction to latex associated with clinical symptoms, which include Type I mediated hypersensitivity reactions to the latex protein itself and Type IV mediated hypersensitivity (24) . Another reaction associated with latex, but not caused by latex itself, is irritant contact dermatitis.
Irritant Contact Dermatitis. The most common reaction associated with latex is an irritant contact dermatitis that may develop minutes to hours after exposure to latex-powdered gloves or chemicals. It may occur on the first exposure, is usually benign, and not life threatening. It looks similar to a localized powder abrasion with a loss of the epidermoid skin layer, eventually leading to soreness, pruritus, and redness. The extent of the reaction depends on physical factors such as the duration of exposure and skin temperature. The alkaline pH of most powdered gloves is the most likely cause of this reaction (25) .
Allergic Contact Dermatitis or Type IV Cell-Mediated Hypersensitivity Reaction. This is a delayed onset immunologic reaction and results from T-cell-mediated sensitization to the additives of latex. It is not life threatening, and it is far more common than a Type I reaction. This is usually secondary to a reaction to antioxidants and rubber accelerators such as thiurams, carbamates, and mercapto compounds. On a repeated exposure, a reaction begins within 48 -72 h of exposure, often leading to erythema with vesicles and scales. One can diagnose this type of reaction with a patch test to one of these antioxidants or accelerators (26) .
Type I IgE-Mediated Hypersensitivity Reaction. This is the most severe reaction and may lead to significant morbidity and mortality. It requires sensitization and the production of IgE antibodies. On first exposure, patients are sensitized and produce IgE specific for Hev b. Hev b proteins act as antigens, activate CD4ϩ T-helper cells Type II (Th2 cells), and induce B cells to form specific Hev b IgE secreting plasma cells. The IgE then binds to the surface of tissue mast cells and blood basophils. Upon reexposure, Hev b proteins cross-link membrane-bound IgE leading to degranulation of the sensitized mast cells and basophils. Preformed mediators, histamine, and proteases such as tryptase and newly generated arachidonic acid metabolites (prostaglandins and leukotrienes) are then released, leading to a reaction that ranges from local urticaria to a full-blown anaphylactic reaction.
Latex proteins are absorbed slowly when the exposure is airborne, and symptoms usually develop approximately 30 min after exposure. Mild reactions include local urticaria, rhinitis, and conjunctivitis and are more likely to result via airborne exposure or direct contact with the skin. Powdered gloves may release airborne particles (cornstarch) with latex protein, which can lead to symptoms such as bronchoconstriction, rhinitis, and conjunctivitis. Occupational exposure to latex is strongly correlated with allergic asthma. Baur et al. (27) screened subjects working in hospitals and ORs with different latex aeroallergen levels and demonstrated that sensitization and respiratory symptoms were likely to develop if the level of latex aeroallergens was more than 0.6 ng/m 3 . Others have published data about aeroallergen levels in ORs depending on the use of the room, total number of gloves used, and type of gloves (28) . Long OR time, large number of gloves used, and high-allergencontaining gloves are associated with large aeroallergen levels (28) . There is a recent report of a parturient at 32-wk gestation who developed dyspnea, wheezing, hypotension, and an urticarial rash, as well as These lists are offered as a general guideline. It is very difficult to obtain full and accurate information on the latex content of products, which may vary between companies and product series and also with time. Double checking the label before use with latex allergic individuals is strongly recommended. As of September 30, 1998 , all products that contain natural rubber latex or dry natural rubber must be labeled as such.
fetal bradycardia after the removal of latex powdered gloves by a nurse (29) .
Severe reactions usually occur shortly after parenteral or mucous membrane exposure and include flushing, vasodilatation, severe bronchospasm, and increased vascular permeability with edema and cardiovascular collapse (9) . A recent survey of anaphylaxis during anesthesia demonstrated that cardiovascular symptoms (73.6%), cutaneous symptoms (69.6%), and bronchospasm (44.2%) were the most common clinical features (9) . Mild reactions such as urticaria and angioedema may be masked by the presence of surgical drapes, whereas mild bronchoconstriction or hypotension may be masked by the presence of other anesthetics or may be difficult to recognize because they may mimic physiological reactions happening during anesthesia. Therefore, only a severe reaction may be recognized, and the only presenting sign may be cardiovascular collapse.
Other conditions that may resemble anaphylaxis should be considered. Histamine release, with skin manifestations such as hives, may occur from frequently used medications such as morphine and some nondepolarizing muscle relaxants. Bronchospasm may be secondary to an asthmatic attack, right mainstem obstruction, inadequate anesthesia, pneumothorax, mechanical obstruction, endobronchial intubation, pulmonary aspiration, pulmonary edema, or pulmonary embolism. Sudden cardiovascular collapse may be the result of an acute myocardial infarction or a high spinal anesthetic. The medical history, the timing of the event, and the clinical presentation are essential to aid in the precise diagnosis.
Anaphylaxis caused by something other than latex should also be considered. Allergic reactions to anesthetic drugs, such as propofol (30) , nondepolarizing muscle relaxants, such as vecuronium (31), and opioids, such as fentanyl (32) , usually occur within 10 min of the drug exposure but can also occur later (30 min to several hours). In general, drugs that have been used for long, continuous periods of time before the onset of an anaphylactic reaction are less likely to be the causative drug as opposed to a medication that was recently given (33) . Sometimes it may be difficult to pinpoint the exact cause of the anaphylactic reaction either because of multiple medications being used or because of the failure to consider a medication that could cause an allergic reaction. Because latex is often not considered a medication, it is often not considered in the differential diagnosis of anaphylaxis, and this may lead to an erroneous diagnosis (34, 35) . There are also reports of anaphylaxis where the practitioner was not aware that a device, such as a pulmonary artery catheter, was made out of latex (36) . Latex should always be considered in the differential diagnosis when an episode of perioperative anaphylaxis occurs. Failure to do so may lead to the wrong diagnosis or to another life-threatening episode if another exposure to latex occurs.
High-Risk Groups
Health care workers, nonhealth care workers with occupational exposure to latex such as hairdressers, food-service workers, and police officers, patients with atopic backgrounds, and children with spina bifida or genitourinary abnormalities who have undergone multiple surgeries are at increased risk for latex sensitivity (37) . Spina bifida, even in the absence of multiple surgical procedures, seems to be an independent risk factor for latex sensitization (38) . Adult patients undergoing multiple surgeries have a less frequent incidence of latex sensitization than children with spina bifida, and latex-free precautions from birth in children with spina bifida are more effective in preventing latex sensitization than the same precautions instituted later in life (39) . Hev b 1 is the major allergen for children with spina bifida (39) .
Occupational exposure to latex is common among health care workers such as nurses who work in the intensive care unit or postanesthesia care unit who change gloves approximately 50 -100 times per day (personal communication between MCC and her latex-allergic nurses). A survey conducted among anesthesia faculty and residents at the Brigham and Women's Hospital, Boston, MA, demonstrated that the average respondent changes their gloves approximately 15-20 times per day. The prevalence of latex sensitization is less than 1% in a nonatopic normal population, whereas the prevalence in health care workers ranges from 3%-12% (37). The incidence of latex sensitization, as measured by IgE levels, in ambulatory surgical patients at one institution was as frequent as 6.7% (1). Although sensitization does not always lead to an anaphylactic reaction, continued exposure to latex will increase the possibility of such a reaction. A health care worker who is atopic is at increased risk, and the risk is increased if they had a previous surgery (40) . Anesthesiologists have a 12.5% and 2.4% prevalence of latex sensitization and allergy, respectively (2) . Adult anesthesiologists change gloves more often than pediatric anesthesiologists and have been demonstrated to have an increased prevalence of latex sensitization (41) . There is no increased risk of latex allergy with age, race, or sex, and exposure is the single most significant factor associated with latex allergy (2, 42) .
The use of powdered gloves in the United States has been significantly reduced in recent years. The removal of powder from gloves is important and is part of the continued evolution of improving the latex products that we use today. Latex sensitivity and latex-related symptoms such as urticaria, pruritus, asthma, and rhino-conjunctivitis have been shown to decrease in health care workers by changing from high-protein powdered gloves to low-protein, powderfree gloves (43) . The American Academy of Allergy, Asthma, and Immunology and the American College of Allergy, Asthma, and Immunology recommend the use of powder-free latex gloves to decrease latex sensitivity among health care workers (44) . A cost analysis of a conversion to a latex safe environment (no latex content at all) demonstrated that although there would be an initial increase in cost, it would be more than offset by the costs of diagnosis and disability because of latex sensitivity (45) .
Latex-Fruit Syndrome
Some fruits, such as bananas and avocado pears, contain cross-reacting proteins with latex (46) . In one study, fresh latex serum, latex gloves, avocado pears, and bananas shared a 30-kd epitope (46) . An interesting finding from this study is that patients who were allergic to latex but not to fruits lacked the 30-kd protein band. In another study, IgE antibodies were detected for a 30-kd protein present in strawberries, bananas, guavas, citrus fruits, and peaches (47) . Latex cross-sensitization with mangos is common in South Florida because of the ubiquity of mango trees in this area. Signs of allergic reactions to these fruits include pruritus, tightness in the throat, breathing difficulty, and hives. One study found that 21.1% (29 of 137) of patients with documented latex allergy had also food allergy. Fruits in that study included bananas, kiwis, watermelons, and peaches (48) . In another study, 86% (49 of 57) of fruit-allergic patients were also allergic to latex compared with 4% (2 of 50) of controls (49) . Allergies to melons, watermelons, peaches, bananas, cherries, and pears were common. Other foods often cited as being cross-reactive with latex include avocados, chestnuts, papains, potatoes, and tomatoes (50) . Whereas patients allergic to fruits have an 11% risk of a latex reaction, patients allergic to latex have a 35% risk of a reaction to fruits (51) .
Diagnosis
In the United States, the diagnosis of latex allergy is based on a focused history and physical examination followed by positive in vitro testing (52) . A document released by the American Society of Anesthesiologists in 1999 states that a positive history or physical examination and a positive in vitro test establish the diagnosis of latex sensitivity (53) . Standards for the diagnosis of latex allergy in the United States rely on in vitro serologic tests (Table 2) . In vivo testing with ammoniated latex or from a nonammoniated source of latex is often used in Europe.
The diagnosis of anaphylaxis induced by latex is not different than that induced by other drugs or allergens. Table 3 outlines the components of the history and physical examination that should increase the index of suspicion for latex allergy. It is based on the presence of signs and symptoms suggestive of mastcell activation and release of mediators. These include hypotension, bronchospasm, laryngeal edema, flushing, and urticaria. Other signs during an anesthetic include difficult hand ventilation, increased peak inspiratory pressure, expiratory wheezes, increased end-tidal carbon dioxide with an up-sloping of the tracing, tachycardia, and decreased blood pressure.
Blood Testing. The retrospective diagnosis is based on serologic tests because skin testing is not currently approved in the United States. B-tryptase is a neutral protease stored in mast-cell secretory granules, which correlates with the level of hypotension, and an increased serum level demonstrates that mast-cell activation with mediator release has occurred (54,55). The level peaks at approximately 30 min and then gradually decreases (half-life is 2 h), but the more severe the reaction, the larger the B-tryptase level. The level may persist in the blood for many hours or even days after the episode (54, 55) . Levels of total tryptases more than 13 ng/mL or of ␤ tryptase more than 1 ng/mL are specific for anaphylaxis because basophils possess minimal amounts of tryptase (56) . Histamine is not measured routinely because of its short half-life of a few minutes. Urine histamine collections can be performed for 24 h after the anaphylactic episode and may be increased depending on the magnitude of anaphylaxis. Histamine is not specific for mast cells, and basophils have similar amounts (57) .
Serologic Testing. Serology involves the quantitative measurement of serum-specific IgE antibodies to latex. Serologic tests can be performed while the patient has extensive skin lesions, is on medications such as antihistamines, or has presented with a recent episode of anaphylaxis. The FDA has approved three different serum tests that use the RAST technique and include the Pharmacia ImmunoCAP (Pharmacia AB, Uppsala, Sweden), the HY-TEC EIA system (HYOCOR Biomedical, Irvine, CA), and the AlaSTAT (Diagnostic Product, Inc, Los Angeles, CA) (58) . RAST tests are highly specific, but their sensitivity is low. The ImmunoCAP and AlaSTAT tests have specificities that range from 80%-87% and sensitivities that range from 50%-90% (53) . The results of these tests are divided into seven classes and range from Class 0 to Class VI. Class 0 demonstrates the absence of IgE antibodies, and Classes I to VI demonstrate the presence of serum-specific IgE antibodies to latex. Whereas Classes I and II demonstrate a significant increase, Classes V and VI demonstrate a very large increase of IgE antibodies. The rate of false-positive tests is mostly because of antibodies against carbohydrates that cross-react with IgE antibodies to latex (59, 60) . The rate of false negative is frequent (25%), and negative IgE antibody results should be interpreted with caution, especially in the setting of a positive history for latex sensitivity. The HY-TEC assay has a less frequent false-negative rate but at the expense of a 25% false-positive rate. The HY-TEC assay has increased sensitivity (close to 10% more than the other two tests) at the cost of a decreased specificity. Recent work demonstrated that these FDA-approved serologic tests failed in some cases to identify common allergenic latex epitopes such as Hev b 2, 4, 5, 6, and 7b, furthermore demonstrating the small diagnostic sensitivity of these tests (61). It is not currently recommended to screen patients for latex allergy before a surgical procedure in the absence of a suggestive history. Doing so may significantly overestimate the incidence of latex sensitization because of the poor sensitivity of the RAST tests and the small prevalence of latex sensitization (Ͻ1%) in the general population (62) .
Skin Testing. Skin testing should be performed 4 -6 wk after the anaphylactic episode because of mast-cell mediator depletion. There is the risk of inducing systemic anaphylaxis, and therefore, these tests should only be performed by physicians with adequate resuscitative equipment and training. There are no commercially available latex extract skin testing reagents in the United States, but there are reports of the use of minute extracts of latex gloves (37) . The problem is that different types of latex gloves contain different amounts of proteins (63) . Even the same type of gloves may contain different amounts of latex proteins because of different storage conditions. Skin testing reagents in Europe are made from ammoniated latex, used in the manufacturing of latex gloves, or from a nonammoniated source of latex (64) .
Hamilton and Adkinson (65) compared nonammoniated latex, ammoniated latex, and rubber glove extracts as skin testing reagents in nonlatex-allergic and latex-allergic volunteers. They demonstrated that as long as equivalent total protein amounts were used, equivalent diagnostic sensitivity and specificity were observed in all groups. The authors concluded that nonammoniated latex might be considered the reagent of choice on the basis of practical quality control and reproducibility considerations (65) . The same authors went on to document the safety and diagnostic sensitivity of a nonammoniated latex extract in 358 adults (66) . The participants underwent serologic testing for the presence of latex-specific IgE (Pharmacia Cap) and skin testing. The skin-prick test was very sensitive and specific, and none of the participants with a history of latex allergy developed an episode of systemic anaphylaxis. Some of these patients did develop signs of mild systemic reactions such as pruritus, rash, rhinitis, ocular itch, or urticaria after skin testing (66) . More recently, Biagini et al. (67) performed skin testing of health care workers with native forms of the Hev b allergens. Whereas skin testing with these allergens identified most latex-allergic health care workers, it was not as sensitive or as specific as the nonammoniated latex.
Management
Discontinuation of the potential trigger and of the anesthetic drug is very important in the treatment of anaphylaxis. Gloves should be changed to nonlatex if anaphylaxis is suspected and latex gloves are being used. Special attention should be given to a recent medication or blood product that was given, and their administration should be discontinued. No further medications, other than those required for the treatment of anaphylaxis, should be given.
Therapeutic options include airway maintenance with 100% oxygen, IV fluids to sustain the blood pressure (25-50 mL/kg), and resuscitation medications. Epinephrine is the most important medication for the treatment of anaphylaxis. Its ␣-agonist properties help sustain the blood pressure, whereas its ␤2 effect is effective in relieving bronchoconstriction. The dose and route used depends on the severity of the episode. Whereas the allergy literature recommends initial doses of 0.2-0.5 mg subcutaneously or IM (54) , the presence of an IV catheter during an anesthetic and the faster systemic absorption via the parenteral route suggest that an IV administration is preferred during anesthesia. The recommended dose is 5-10 g IV (0.l g/kg) as the initial bolus in the presence of severe hypotension, followed by a titration to maintain systolic blood pressure (68) . In the presence of cardiovascular collapse, 0.1-0.5 mg IV of epinephrine should be promptly administered (68) . The experience of one of the authors (DH) suggests that the cardiovascular collapse may be severe enough to warrant repeated doses of epinephrine and that an infusion may be required (69) .
Other useful medications include antihistamines (diphenhydramine 0.5-1 mg/kg IV or IM), bronchodilators (albuterol and ipratropium bromide via nebulization), H-2 blockers (ranitidine 150-mg IV bolus or cimetidine 400-mg IV bolus), and corticosteroids (methylprednisolone 0.5 mg/kg). Corticosteroids are not the first line of treatment because of their prolonged onset but are beneficial for delayed and late reactions. Once the initial event is treated and the patient is medically stable, a serum tryptase should be drawn, and an allergy consultation should be obtained.
Pharmacological prophylaxis in the acute setting with H-1 blockers (e.g., diphenhydramine), H-2 blockers (e.g., ranitidine), and steroids (e.g., methylprednisolone) is currently not recommended for patients with a documented latex allergy undergoing a surgical procedure. These medications do not produce any changes in the sensitized mast cells and basophils. Prophylaxis can diminish the early immune response, may blunt the early signs of anaphylaxis, and occasionally a very severe response such as cardiovascular collapse may be the only presenting sign (70, 71) .
Prevention
Prevention is the cornerstone in the management of latex sensitization. Patients should be educated regarding their condition and the means to protect themselves from future reactions by avoiding latex, wearing a Medic-Alert bracelet that identifies latex allergy for emergency situations, and carrying an EpiPen at all times. Table 4 identifies latex-free products available in the community. A recent follow-up study (72) on latex allergy in health care workers demonstrated that although the skin-prick test remained positive 2 yr after latex avoidance, latex specific IgE levels decreased in most patients. In addition, allergic symptoms decreased in most patients.
Dakin and Yentis (73) developed a strategy for management of latex allergic patients that consists of a collection of information of medical equipment including latex-free and latex-containing items and latex containing items that could be used with modification. These authors contacted the technical support division of the different manufacturers of medical equipment and posted these lists together with a protocol to manage latex-allergic patients in a latex-free box in the OR and labor and delivery floor (73) . A protocol to manage latex-allergic patients consists of identification of at-risk groups, latex-free environment, and close coordination between all health care personnel involved in the management of these patients.
The American Society of Anesthesiologists Task Force of Latex Sensitivity recommends that patients who are latex allergic have a surgical procedure performed as the first case in the morning, when the levels of latex aeroallergens are the smallest (53). If it is not possible to do the case first, it is recommended to wash hands especially thoroughly to remove any traces of powder or latex. It is best to use nonpowdered gloves to avoid all latex aeroallergens (74) . The OR should be latex safe, and all medical products should be made of nonlatex materials. A resuscitation cart should be next to the OR, and the room should be labeled (in a visible place) as a latex-free OR. Holzman (75) demonstrated that a latex-safe protocol was effective in preventing anaphylaxis in latex-allergic children. No prophylaxis was used in 267 anesthetics, and there was only one episode of anaphylaxis. This episode occurred in close temporal relation to the injection of a local anesthetic-opioid mixture from a syringe with a latex stopper. The mixture was prepared 1.5 wk before the injection, and the patient tolerated the same mixture when prepared from a latex-free syringe (75) .
Although glass syringes or syringes with latex-free plungers (e.g., Becton Dickinson syringes, Becton Dickinson, Franklin Lakes, NJ) are the ideal approach, drawing the medication immediately before use into a syringe with a rubber-tipped plunger has been reported without complications (76) . However, there is a report of an allergic reaction to latex in a patient who received morphine that was drawn immediately before the administration in a syringe with a rubbertipped plunger (77) . The bottom line is that it is safer to use glass syringes or those with latex-free plungers, especially in patients with known episodes of latex anaphylaxis. If a syringe with a rubber tip plunger is used, the contents of the syringe should be injected immediately after filling to decrease antigen release from the plunger. Premixed syringes of drugs should be avoided except in an emergency where the benefits of rapid treatment would outweigh the risk of additional latex exposure. However, it is best to notify the pharmacy in high-risk cases so that freshly prepared syringes with emergency medications are available, ideally prepared in latex-free syringes.
It is best to use medications from glass ampoules if available. If the formulation comes only in vials with stoppers, it is best to use those not made of latex. However, it is our experience that it is very difficult to know and keep track of which stopper is made out of latex. Furthermore, most stoppers contain latex. It has been recommended to avoid instrumentation of the rubber stopper with a syringe but instead to remove the stopper and then to draw up the medication (76 -78) . Because there is a report of an allergic reaction to latex from a vial stopper that was not punctured with a needle, the vial should be kept upright and not shaken (78) . This case involved the use of a methylprednisolone vial that contained two rubber stoppers and required the displacement of one of the stoppers to mix the solid and liquid parts of the medication (78) .
Although it is safest to use IV tubing, fluids, and injection ports that are latex-free, such as the Walrus anesthesia sets, latex-containing anesthesia sets have been used and recommended in patients with known latex sensitivity as long as the latex injection ports are not instrumented (76, 78) . Medications should be injected IV with the use of a stopcock, and all injection ports, including Y-sites, rubber boots, and T-pieces, should be covered with tape to prevent the accidental puncturing of these sites. Penetrating these sites may lead to liberation of latex particles into the IV fluid stream. Most injection sites are now latex free. These lists are offered as a guideline to individuals, families, and professionals. It is very difficult to obtain full and accurate information on the latex content of products, which may vary between companies and product series. Double-checking with suppliers before use with latex allergic individuals is strongly recommended.
It is important that hospitals purchase nonpowdered surgical and examination gloves with small latex protein content to prevent the sensitization of health care workers and of patients requiring multiple surgical or nonsurgical procedures. Most reports of positive skin-prick responses to latex glove extracts in latex sensitized individuals occur when the protein content is more than 100 g/g, as measured by the modified Lowry method (79) . Smaller levels of protein exposure will reduce the risk for sensitization and elicitation of symptoms. The European Commission's Scientific Committee on Medicinal Products and Medical Devices' opinion of NRL allergy (80) was that the modified Lowry method is useful to distinguish between gloves containing small, moderate, and large protein levels, is simple to perform, and can be used as a routine method for monitoring production. However, because the limit of sensitization is likely to be close to or less than the quantification limit of the assay, there are concerns about whether it can be used to define a safe protein level (80) . It is of note that the FDA allows manufacturers of latex gloves to have a 50 g/g detection limit (81) . There are concerted efforts by glove manufacturers in Malaysia to reduce the protein content of latex gloves to less than 100 g/g. Although the threshold latex protein level for sensitization is unknown, the potential for allergenicity is markedly decreased when the level is Ͻ100 g/g.
Future Therapies
Many patients who have latex allergy may be forced to quit their jobs, and complete avoidance of latex is difficult. Latex is found in many surgical products because it is relatively cheap, durable, and resistant (53) . The tactile properties of latex are hard to replace, especially for surgeons performing fine surgeries. Vinyl gloves can be used as an alternative to latex, but durability and barrier properties have been of concern (82, 83) . Latex-sensitive individuals may develop symptoms of rhinitis and conjunctivitis when exposed to areas with increased levels of latex aeroallergens. This is of particular concern to health care workers, and it may be difficult to modify the working environment. Recent work has demonstrated that aerosol or particulate face masks were effective in reducing occupational exposure to latex (84) . The use of powder-free gloves throughout the working environment is a much easier and effective alternative than wearing masks.
Immunotherapy, the controlled, standardized administration of an allergen to a sensitive patient, has proven effective in protecting patients with insect venom allergy and anaphylaxis. Immunotherapy has been considered in the setting of latex allergic health care workers. There is a report of subcutaneous desensitization treatment with standardized latex extract in a radiology technician with occupational latex allergy that was successful in minimizing respiratory and cutaneous symptoms (85) . The patient was given incremental injections of latex extract subcutaneously until a local or systemic reaction was demonstrated. A maximum tolerated dose was calculated by the patient's response and was given weekly to build up tolerance. Although there was an improvement in clinical symptoms, there was no significant change in the patient's serum levels of IgE to latex, except for a mild increase at the end of the immunotherapy (85) . Another randomized, double-blinded, placebocontrolled trial study conducted in Europe with a standardized latex extract on latex-allergic health care workers demonstrated improvements in the incidence and severity of rhinitis, conjunctivitis, and cutaneous symptoms (86) . However, severe side effects including hypotension, bronchospasm, and pharyngeal edema developed in some patients. The authors acknowledged that further clinical trials with a smaller maintenance dose of latex extract are required before recommending this therapy (86) . In addition, the authors caution that immunotherapy with latex allergen should be performed by experts in the field of allergy in a center with resuscitation equipment.
More recently, five cases of desensitization to latex were successfully performed by means of an original contact exposure protocol (87) . Five health care workers with proven IgE-mediated latex allergy progressively increased their exposure to latex first by wearing latex gloves for 10 s/d on one hand. The goal was to reach a final exposure of 1 h in both hands twice a day at the end of a 1-yr period. All five subjects completed the protocol, no subject experienced side effects, the cutaneous reaction to latex was markedly decreased, and the latex-specific IgE levels decreased after the desensitization. The authors caution that these are preliminary reports and that future studies with a larger number of patients are required before recommending this treatment (87) .
Recently, Hev b 5, a major latex allergen, has been modified at critical amino acid residues by site directed mutagenesis (88) . This modification has resulted in decreased IgE binding activity, and new recombinant Hev b 5 proteins are being considered as candidates for immunotherapy (88) . Modified latex proteins would induce little IgE binding on mast cells and few or no adverse reactions upon exposure. In addition, hevein (Hev b 6.02) has been well characterized as a three-dimensional structure and is considered as a good candidate for allergen specific immunotherapy (89) . Its terminal regions were modified with single-point mutations that caused a decrease in IgE binding capacity.
Humanized anti-IgE monoclonal antibodies have been produced with a potential role in latex allergy and anaphylaxis. Patients with asthma and allergies treated with anti-IgE have shown a dramatic response, reducing symptoms and the need for medication (90) .
In summary, awareness of latex allergy is essential to avoid an unnecessary increase in the morbidity and mortality of a growing population of patients. It is also essential that anesthesia practitioners, as well as other health care workers, use latex-free gloves or nonpowdered gloves with small latex protein count to prevent the sensitization of patients and health care workers. Although sensitization does not always lead to latex allergy, more frequent and prolonged exposure to latex is likely to increase the number of cases of latex allergy and anaphylaxis.
Recent developments in the fields of allergy and immunology are aiming to desensitize health care providers that are severely allergic to latex. Although these treatment modalities are currently experimental, they hold some promise for patients who have a severe latex allergy and for health care providers who have been forced to quit their jobs. Currently, avoidance of latex containing surgical products and a latex-free environment are mandatory in the care of sensitized patients.
